Symbiotic single-celled dinoflagellates play critical roles in providing corals with both energy and tolerances to survive over a range of environmental conditions. Stressors can cause the breakdown of this symbiosis, resulting in mass bleaching events, and are projected to increase in frequency and spatial extent, threatening the long-term survival of coral reefs. Recent studies have identified symbiont shuffling in corals towards more thermo-tolerant clades as a functional tool for their surviving thermally-induced stress events. However, this was not observed within Pocillopora damicornis colonies tracked over a complete bleaching to recovery cycle during the 2014 mass coral bleaching event in Hawai'i. Instead, previously acquired symbiont clades were maintained following bleaching recovery. This observation suggests additional factors may be involved in thermal-stress acclimation and adaptation in this coral. 
Introduction
transcriptional changes under thermal stress exposure was observed in both the less thermally tolerant clade (clade C) and the thermo-tolerant clade (clade D) (Barshis et al., 2014) . Such findings support the hypothesis that mounting oxidative stress must be primarily mitigated by the coral host, eventually leading to the expulsion of the ROS source, the zooxanthellae (Gates et al., 1992) . However, Barshis, Ladner, Oliver, & Palumbi (2014) also found that clade C and D exhibit significant transcriptional differences of orthologous genes related to thermotolerance, regardless of thermal stress. Such inherent transcriptional differences in thermotolerance potential between symbiont clades without heat exposure supports the hypothesis that responses to environmental stress may drive specific host-symbiont clade pairings to enhance coral health coral hosts brought by different symbiont clades highlight the importance of securing optimal symbionts to maximize the fitness of a colony. Flexible symbiont associations could also have a substantial influence on coral health.
Some Symbiodinium clades are predominantly associated with certain species of corals, and some coral species show no shuffling of clades even after bleaching (Cunning, Glynn, & Baker, 2013; Glynn et al., 2001; LaJeunesse et al., 2010; McGinley et al., 2012; Stat et al., 2008) .
The genera Pocillopora, Pavona, Porites, Gardineroseris, and Psammocora are known to have high fidelity to certain clades of symbionts without shuffling (Glynn, Maté, Baker, & Calderón, 2001; McGinley et al., 2012) . For example, in eastern Pacific populations of Pocillopora spp., less than 3% of surveyed colonies changed their symbionts from thermally-sensitive clade C to thermally tolerant clade D (McGinley et al., 2012) , while some genera would undergo full shifts following prolonged elevated thermal exposure (Silverstein, Cunning, & Baker, 2015) . However, for Pocillopora spp, conflicting results also exist; Pocillopora colonies that recruited more thermally tolerant symbionts, or in which the dominant clade was thermo-tolerant, were observed to be more abundant and more resilient in the mass bleaching events (Glynn et al. 2001; Baker et al. 2005) .
During late 2014, coral reefs throughout the Hawaiian Archipelago underwent a significant bleaching event due to sustained temperatures over 27°C for two consecutive months (Bahr, Jokiel, & Rodgers, 2015; Cunning, Ritson-Williams, & Gates, 2016) . This brought an opportunity to further characterize the effects of thermally-induced bleaching on clade shuffling in the coral P. damicornis. Pocillopora damicornis is broadly distributed throughout Indo-Pacific (Hoeksema, Rodgers, & Quibilan, 2014) , and Pocilloporid corals were most affected by the 2014 bleaching event, with P. damicornis experiencing the highest mortality over other surveyed corals within the study site, Kāne'ohe Bay, O'ahu, Hawai'i (Bahr, Jokiel, & Rodgers, 2015) . Due to their sensitivity to thermal stress, analyzing the pre-and post-bleaching symbiont clade provides greater insight into the adaptive capacity of P. damicornis to thermal stress. This project sought to determine whether a shift in the symbiont assemblage was detectible in this common reef species following the bleaching event.
Methods

Sample Collection
Coral samples (2-inch x 1-inch nubbins) were collected three times during ¼ moon cycles over the course of the 2014 bleaching event, consisting of pre-bleaching (July 2014), bleached (SAP 2015-06 and SAP 2015-17 (O'ahu, HI, USA) ). Samples were taken from corals located off Lilipuna Pier in Kāne'ohe Bay, O'ahu, Hawai'i from six colonies. However, colonies 3 and 4 were excluded from this study due to their death following the bleaching event and their subsequent inability to provide a post-bleaching symbiont sampling point (n = 4). Sampling consisted of taking fragments from several locations on each coral head to limit intra-colony variation on the distribution of symbiont clade in each specimen (Rowan, Knowlton, Baker, & Jara, 1997) .
Routine sampling was accomplished by removing fragments from colonies during similar tidal periods and before peak irradiance to limit environmental influences on colony health as much as possible. Samples were immediately frozen in liquid nitrogen to preserve sample integrity before transport to Kewalo Marine Laboratory and storage in a -80°C freezer.
Symbiont Isolation
In order to isolate symbionts from coral samples, corals were crushed into a powder over liquid nitrogen. After crushing, and due to potential variation in symbiont clade due to intracolony localization (Rowan et al., 1997) , powdered samples were shaken in 50 mL tubes following crushing to ensure homogenization of crushed tissues. Tissues were then transferred to a 50 mL tube (1500 mg of crushed coral tissue per tube), then 1500 µL of homogenization buffer (0.01 M Tris-HCl buffer pH 8.0, 1 M phenylmethylsulfonyl fluoride in 1% v/v dimethyl sulfoxide) was added to each sample tube, and the samples were homogenized with an UltraTurrax homogenizer for 1 minute over ice. Following homogenization, samples were spun at 2000 rcf for 5 minutes at 4ºC (Eppendorf Centrifuge 5810 R, Hauppauge, NY, USA). Supernatant from this spin was transferred to 1.5 mL microcentrifuge tubes before a final 20 minute spin at 10,000 rcf at 4ºC (Eppendorf Microcentrifuge 5415D, Hauppauge, NY, USA). Pellets from both spins were transferred to 1.5 mL tubes before freezing at -80ºC.
DNA Isolation, Amplification, and Symbiont Variation Comparison
In a 1.5 mL tube, zooxanthellae pellets were mixed with 180 µL of tissue lysis buffer and 20 µL of proteinase K, and DNA was extracted according to Qiagen DNeasy Blood and Tissue kit protocol (Hilden, Germany). DNA concentrations were then quantified using a ThermoFisher Scientific NanoDrop 2000 (Waltham, MA, USA).
Sample DNA was then diluted to 1:20 and run in a 50 µL PCR reaction using symbiontspecific ss3z (5'-AGCACTGCGTCACTCCGAATAATTCACCGG-3') and ss5z primers (5'- symbiont symbioses, resulting in coral bleaching and potential long-term health consequences if not quickly reversed (Glynn, 1993; Lesser, 1997) . Instances of global thermal-stress events, causing bleaching and wide-spread coral mortality, are on the rise and are predicted to continue to increase in frequency and intensity (Eakin et al., 2016; Heron, Maynard, van Hooidonk, & Eakin, 2016; Hughes et al., 2017) . The global climate is undergoing record year-to-year temperature increases, further accelerating environmental deterioration of the marine tropical ecosystems in which corals reside (Hughes et al., 2017) . Furthermore, atmospheric CO2 levels have reached record levels and will not level off or decrease unless substantial changes are made to reduce the production of greenhouse gases (World Meteorological Organization, 2017). As such, understanding how zooxanthellate-coral symbiosis influences their adaptive capacity to environmental changes has become ever more so important.
Studies have shown that some corals experience symbiont assemblage shuffling that results in enhanced thermal resilience (Cunning, Silverstein, & Baker, 2015; Jones, Berkelmans, van Oppen, Mieog, & Sinclair, 2008; Silverstein, Cunning, & Baker, 2015) . However, the P. Although partnerships with resistant Symbiodinium clades could afford greater bleaching resistance under extreme heat events (Silverstein, Cunning, & Baker, 2017) , such evidence suggests that other factors may influence the conservation of associated and/or dominant symbiont lineages within these colonies. Though the focus of this study was not to assess clade assemblage at such fine resolution, it is important to consider that gradients of clade associations can afford varied environmental tolerances.
While there were no detectable shifts in the associated symbiont clade for the P. damicornis sampled in this study, it is also important to recognize that the 2014 bleaching event was the first of four recent, consecutive bleaching events in the Hawaiian Islands (Eakin et al., Heron et al., 2016) . Work by Cunning, Silverstein, and Baker (2015) suggests that the adaptive capacity to shuffle symbiont communities is tied to the severity of bleaching and duration of warming into the recovery period. In colonies of Orbicella faveolata from Florida, USA, those corals subjected to low and medium bleaching severity (7-10 days of heat exposure) were found to re-recruit the less thermo-tolerant clade B following bleaching (Cunning, Silverstein, et al., 2015) . Interestingly, those exposed to low and medium thermal stress who predominantly harbored clade D before experimental heat exposure shifted clade dominance towards clade B post-bleaching (Cunning, Silverstein, et al., 2015) . Only those corals that experienced extended thermal exposure for 14 days, followed by a higher recovery temperature (29°C versus 24°C), performed clade shuffling towards thermo-tolerant clade D (Cunning, Silverstein, et al., 2015) . As such, although the colonies monitored in our study did not exhibit clade shuffling during the 2014 bleaching cycle, recurrent or more severe bleaching events may drive corals that were previously shown to conserve associated clades, to shuffle symbionts. In addition to recognizing that certain thermal limits and elongated exposure to heat-stress may have significant effects on the zooxanthellae recruitment strategies of corals, supplementary knowledge also provides greater insight into those strategies favoring pre-bleaching clade retention.
Recent calculations suggest that, with respect to thermal stress, coral hosts retain a low adaptive capacity towards gaining thermal resistance over multigenerational time scales (Császár, Ralph, Frankham, Berkelmans, & van Oppen, 2010; Sammarco & Strychar, 2009 ). These findings likely vary between coral species, however, low heritability of traits conferring adaptive increases in thermal tolerances -i.e. inherent increased expression of specific genes related to antioxidant defenses -indicate that the host thermo-acclimation does not translate well into thermo-adaptation on a greater scale (Császár et al., 2010; Sammarco & Strychar, 2009) . Rather, rapid thermo-adaptation may be a critical and valuable trait that zooxanthellae possess (Sammarco & Strychar, 2009 ). Further, it was found that regardless of their inherent tolerances, both the thermally-resistant Symbiodinium clade D and more sensitive clade C shared the ability could offer greater thermal defenses to coral hosts without requiring clade shifts following bleaching events (Sammarco & Strychar, 2009; Wilkerson, Kobayashi, & Muscatine, 1988) .
With increasing instances of thermal stress events (Hughes et al., 2017) , continual adaptation of zooxanthellae over time may hold a key to lower the severity of sequentially occurring heat-stress events. Since P. damicornis showed no detectable shift in symbiont over the studied bleaching cycle, it may be that the associated clade of Symbiodinium already had some ability to protect themselves and hosts from photosynthetically generated ROS output and/or improved ROS suppression. These qualities may present the existing relationship as more beneficial for the fast-growing, generally shallow-water P. damicornis host (Hoeksema, Rodgers, & Quibilan, 2014) , rather than shifting to a more thermally tolerant symbiont, such as clade D, that does not provide similar photosynthetic yields. Further, as a brooding species that vertically transmits symbionts to their planula larvae (symbionts from parent colonies directly pass to their progeny), conservation of specific lineages of symbionts may hold greater benefits for the fitness of P. damicornis, rather than abandoning those inherited from parent colonies (Lesser, Stat, & Gates, 2013; Richmond & Jokiel, 1984) . Moreover, although this species can shift symbiont clades, this may be only accomplished under longer scales of time, rather than rapidly swapping Symbiodinium clades following a single bleaching event (Glynn, Maté, Baker, & Calderón, 2001 ). Continued long-term monitoring and experimental analysis of variable genetic responses to thermal stress will be needed to elucidate the true mechanisms behind symbionts shuffling.
In order to survive future projections of increased thermal stress (Maynard et al., 2015) , corals must acclimatize and adapt to meet new thermal norms. Thermal stress is unavoidable and higher thermal tolerances will be required in the future for survival across all coral habitats (Hughes et al., 2017) . Symbionts aid corals in combatting a myriad of different environmental conditions and potential stressors (Little, van Oppen, & Willis, 2004; Rands, Douglas, Loughman, & Ratcliffe, R, 1992; Stat, Morris, & Gates, 2008; Suggett, Warner, & Leggat, 2017) , though not all corals may take advantage of the breadth of functional diversity different symbiont-coral interrelationships provide (McGinley et al., 2012) . Though many questions remain with respect to illuminating the drivers behind symbiont associations and potential adaptations towards stress tolerance, our findings provide further understanding on the behaviors of P. damicornis under naturally-occurring thermally-induced bleaching stress. The findings of this study provide greater insight into the symbiont recruitment behavior of P. damicornis by demonstrating that this coral species did not shift clade association following bleaching stress recovery. Additionally, these findings help guide future research questions examining whether symbiont clade recruitment would vary over successive cycles of bleaching, and if symbiont clade is conserved, if thermal resistances can be accrued over multiple generational cycles in the associated Symbiodinium. This study is supplemental in providing improved understanding of coral holobiont dynamics during a global bleaching event. The data presented in this paper will prove useful in characterizing those species most at-threat of bleaching and predicting recovery potential across affected reefs, with increasing severity and instances of severe bleaching. Agarose gel electrophoresis of DNA isolated from Symbiodinium associated with sampled P. damicornis colonies (primers ss3z, ss5z; GelGreen stain, 1 kB Plus DNA Ladder (Invitrogen)).
Conclusions
Lanes 1-4 represent pre-bleached samples colonies 1, 2, 5, 6, respectively; lanes 5-8 represent bleached samples colonies 1, 2, 5, 6, respectively; and lanes 9-12 represent postbleached samples colonies 1, 2, 5, 6, respectively. Due to limited lane number, samples described in wells 9-12 were run on the same gel, but on a second row below the first samples and the resulting image was spliced together for side-by-side comparison.
